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DîTROEUCTION 
Animal husbandmen have recognized individual and breed differences 
in animal behavior. The irçortance they have placed on these differ­
ences in breeding, nutrition and management has been based mostly on 
their own experience since little research has been done to evaluate 
quantitatively the effects of behavior in domestic animals. 
Answers to the following questions would be helplUl, How much does 
emotional stress decrease production in fattening and milking animals? 
If the loss is large, what causes the stress? How much should tempera­
ment of breeding animals be emphasized? How should breeding animals be 
grouped during tests of their performance? How much production is lost 
during the period ^ en animals must learn to manipulate self feeders and 
waterers? How should labor saving devices be designed so animals can 
learn to adapt quickly? How much response could be expected tiy select­
ing for behavior traits? Would such a program interfere with or slow 
down progress in improvement of production traits? 
This study was started to investigate the behavior of swine with 
specific attention to their learning ability. The objective of this 
thesis was to analyze the behavior of pigs in an avoidance learning 
situation. 
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REVIEW 
The environment of all animals is dynamic. If the environmental 
fluctuations are drastic enough individuals and possibly the entire 
species die. A species adapts to environmental changes by altering 
gene frequencies through the process of natural selection. The indi­
vidual animal cannot alter its gene pool but must keep the same genes 
it received at conception. The individual can and does change its 
behavior to cope with changing environment. This changing of behavior 
is caused by a process called learning. 
Learning per se cannot be observed. Experimenters observe only the 
changes in an animal's performance. Therefore, an animal can learn but 
the learning may go undetected because the circumstances are not right 
for its expression or the measures may lack sensitivity. To be specific, 
learning should be defined as a "potential" behavior change. 
Learning experiments require conditioning the animal to respond to 
certain stimuli. The brief discussion of learning experimentation vMch 
is presented here will be divided on the basis of the two types of con­
ditioning; classical and instrumental. For a conçlete discussion of 
conditioning and learning see Kimble (196I). 
Classical conditioning was first described in 1902 Pavlov, a 
Russian pliysiologist working with dogs (Pavlov, 1955)» Classical con­
ditioning consists of presenting a neutral stimulus to the subject in 
sane tençoral relationship to a stimulus that elicits a reflexive re-
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action. The animal has "learned" -when it performs the reflexive reac­
tion in response to the previously neutral stimulus (Kimble, 1901). 
Instrumental conditioning consists of presenting or omitting same 
reward or punishment when the animal makes a specific response. Such 
conditioning is called instrumental because the animal's actions deter­
mine what will happen to it. Bekhterev and Thorndike are generally con­
sidered the original investigators in this area but the classical ex­
periments of instrumental conditioning are credited to B. F. Skinner 
(1938). His early work was done primarily with rats. 
A brief definition of seme common terms used in learning experi­
ments are presented below: 
Response (R). An observable behavior reaction caused sane 
stimulus. 
Unconditioned, stimulus (UCS). An environmental change which 
evokes an unlearned response. 
Conditioned stimulus (CS). An environmental change which is 
paired with the UCS to cause a similar response. 
Latency. The time interval between stimulus onset and response. 
One type of instrumental conditioning is called, avoidance condi­
tioning or more commonly, avoidance learning. The usual procedure is 
to give the animal a warning signal (conditioned stimulus). If the 
subject does not respond properly, he is given a noxious stimulus (un­
conditioned stimulus) which evokes the correct response. The animal 
has "learned" when it makes the correct response for the CS, Anxiety 
4 
reduction by the omission of the UCS is the reward for a correct response 
in avoidance learning. The early experiments in avoidance learning were 
conducted by Bekhterev (1912). He conditioned mental patients to with­
draw a hand or foot from an electrode upon a given signal. Later workers 
have conditioned responses such as lever pressing, wheel turning and 
hurdle jumping in a variety of different species. 
Pigs were conditioned to jump a hurdle in an avoidance learning 
situation by Karas et (1962). Their work is a forerunner of the 
study presented here. 
The use of pigs as subjects for learning experiments was first 
described ly Terkes and Cobum (1915)» These workers recommended pigs 
highly for future experiments. Thqy found pigs could discriminate 
readily between right and left relationships of individual stalls to 
obtain food. Their subjects did have difficulty distinguishing the 
relationship of "middle" stall when the total number of stalls was more 
than five. Unfortunately, only two pigs were used in the studies. 
Pavlov tried to use pigs as eq)erimentsl subjects but found them 
too nervous (cited in Marcuse and Moore, 1944, p. 235)* Pavlov made 
the generalization "all pigs are hysterical". Contradictory to Pavlov's 
results Marcuse and Moore (1944) used pigs in a Pavlovian type of con­
ditioning experiment with'little difficulty. 
Pigs were trained to open a food box upon the cessation of a 600 
cycle buzzer by Curtiss (1937). He also conditioned then to flex their 
legs to escape a shock which was preceded the cessation of a 750 
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cycle buzzer. 
Moore and Marcuse (19^5) trained two sows to open food box lids in 
response to a tone of 480 cycles. They also conditioned and observed 
cardiac, salivary and respiratory responses. 
Young pigs showed an orientation reaction to sound 5 or 6 hours 
after birth in an e^qperiment by Koniukhova (1957). He reported that 
9-18 day old pigs developed, food and defense reflex reactions, after 
5-16 paired association trials under conditions of confinement. (The 
abstract of this article which was originally printed in the Soviet 
Union did not contain details about what stimuli were used or what 
responses were observed. ) Koniukhova concluded that reflexes were 
developed sooner and were maintained longer under natural group con­
ditions than under isolated conditions. He also states that reflexes 
to light stimulation develop slower than reflexes to sound, 
KLopfer (1961) reported that swine have the capacity to utilize 
non-visual cues much better than visual cues to obtain food in an ex­
perimental situation. KLopfer and Wesley (1954) observed that pigs 
used olfactory cues to more advantage than visual cues. In their ex­
periments an animal was to choose one of three neutral gray cards to 
obtain a food reward. The animals learned to discriminate correctly 
in 10-20 trials Tqy touching the cards with their snouts. The animals 
were able to perceive these od.ors several hours after the trials. 
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Reviewing the literature leads to the conclusion that pigs can be 
trained to make conditioned responses to several kinds of external 
stimuli. Olfactory cues (stimuli) appear to be the most easily detect­
ed. ThQT are followed in order by auditory, then visual cues. More 
work is needed in comparing the different kinds of cues to facilitate 
the design of future e^qperiments. 
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SUBJECTS 
The pigs for this study were farrowed at the Bilsland Memorial 
Farm^ from spring, 1962,through spring, 1964. Th^r were from the IXiroc 
and. Hampshire breeds. 
The subjects tested con^rised 256 sire progeny groups. The sires 
of the subjects were purchased in full-sib pairs from a sample of herds 
throughout the state of Iowa, (he full-sib of each boar pair was se­
lected at random to receive a 300 r. X-ray treatment directed to the 
gonads. Dams for breeding were selected at random from pigs produced 
at the farm, except no females were saved whose maternal grandsire was 
exposed to X-rays. 
These data included 2089 pigs from 1049 different litters. Since 
the data were collected over a three year period, avoidance learning 
measurements were available on 264 individuals whose dams had also been 
tested. 
The litters were born and raised in individual pens. Shortly after 
birth the pigs were transported with their litter mates to a central 
building where th^ were weighed, ear notched for identification and a 
blood sançle was takai. The males were castrated and iron injections 
were given. They received no more handling until tested between 18 to 
^This farm located near Madrid, Iowa, is part of Project No. 1424 
of the Iowa Agricultural and Home Economics Experiment Station. The 
project is supported by funds frcxii U.S. A.E.C. Contract AT(l1-l)-707. 
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21 days of age. 
The project produces approximately 6000 pigs per year. It was 
incessible to test all the pigs so two female pigs were selected at 
random from the healthy pigs of each litter. Females were selected 
to allow daughter-dam comparisons in future generations. Male pigs 
were used from the litters which had less than two females. An ear­
lier study (Vfiilham ^  , I963) demonstrated that sex differences 
for avoidance learning in young pigs were not significant. They used 
572 pigs born in the fall of 196O at the Bilsland farm and an apparatus 
similar to the one used in this study. 
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APPARATUS 
The apparatus used to collect the data was a Warner-type shuttle 
box adapted for swine ty i^llham et (1964). It consisted of a 6 x 
2x2 foot plywood box divided in the center by a five inch wooden bar­
rier. The floor vxas constructed of one-half inch square chrome bars 
spaced one-half inch apart. The grid floor was connected to a control 
box tdiich contained the mechanisms used for CS and UCS, The CS was a 
telephone buzzer attached to the control box. The UCS was electric 
shock. The UCS was delivered to the feet of the pigs via the grid 
floor and was a sub-tetanizing level of shock for pigs three weeks old. 
The correct R was the subjects' jumping over the 5 inch barrier to 
safety. Figure 1 gives an overhead view of a Duroc subject in the 
shuttle box. For technical details of the apparatus see VfiJ.lham et al. 
(1964). 
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Figure 1. Overhead view of a pig in the shuttle box used to 
test avoidance learning ability 
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PROCEDURE 
The subjects were tested between 18 and 24 days of age. On test 
day they were transported with a litter mate to the isolated room con­
taining the ^paratus. Each subject was given 10 trials per day for 
three consecutive days. A single trial consisted of a six-second CS 
followed immediately hy the UCS unless an avoidance was made. If an 
avoidance was made the CS was terminated. If no avoidance was made the 
UCS remained on until the pig jumped the barrier. The CS-UCS sequence 
was delivered automatically by the control box. A trial was terminated 
ly manually depressing a stop button vdaen the pig crossed the barrier. 
The latency of response was recorded to the nearest tenth of a second 
for each trial. 
The CS-UCS sequence of a single trial is shown in figure 2. The 
diagram shows termination of a trial after 120 seconds but the trial 
may have been terminated at any time prior to this limit by an R. If 
the R was made before the 120 second limit, the CS-UCS sequence was 
stopped and a new sequence started automatically after a 20 second 
delay. 
A trial with a latency of six seconds or less was termed an avoid­
ance. A latency of more than six seconds was called an escape. Only 
two pigs out of 2089 had trials of 120 second latency. 
Figure 2. Temporal relationship of CS and UCS for avoidance learning trials 
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RESULTS MD DISCUSSION 
The latencies recorded for the 30 trials of each pig were used to 
construct 12 different variables each of ^ jhich could have been a behav­
ior that reflected learning ability. Willham et al. (1963) analysed 
only the number of avoidances on day three. The study which is present­
ed here includes the analyses of 11 additional variables in order to 
investigate more thoroughly the behavior of pigs in an avoidance learn­
ing situation. Table 1 shows the mean values for these variables from 
the 2089 pigs tested. 
Description of Variables 
The average number of avoidances on test days one, two and three 
represents the number of times an average pig responded to the buzzer 
and avoided being shocked. The maximum avoidance score for a given day 
was ten. 
The behavior of these pigs showed avoidance learning by the in­
creased number of avoidance recenses from day one to day three. The 
distributions of number of avoidances by days are shown in Figure 3* 
The form of the distributions changed markedly from day one to day three. 
The distribution of frequency of avoidances for day one is skewed to 
the right, since 67 percent of the pigs avoided less than twice. The 
third set of trials yielded a distribution which was more uniform in 
density over the classes of number of avoidances. This indicated why 
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Table 1, Means and variances of 12 measures of learning behavior in 
2089 pigs 
Measure Mean Variance 
Number of avoidances: 
on day 1 
on day 2 
on day 3 
Average latenqr of 
avoidance re^onses: 
on day 1 
on day 2 
on day 3 
1.3 
2.9 
5.4 
1,8 sec, 
2,4 sec, 
3.1 sec. 
2.58 
6.39 
7.57 
3.27 
2.36 
1.17 
Number of shocks 
received before first 
avoidance: 
Average latency of 
escape responses: 
on day 1 
on day 2 
on day 3 
Average number of 
consecutive avoidances 
on day 3: 
Number of alternations 
from avoidance to 
escape response on day 3= 
8.8 
2.9 sec, 
2.5 sec. 
1,7 sec. 
2.8 
2.3 
62.85 
4.90 
2.99 
1.72 
5.84 
1.27 
Figure 3. The frequency distribution for the trait - number of avoidance 
responses - for each of three daily sets of 10 trials 
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the number of avoidances on day three had more total variance than nim­
ber of avoidances on day one and two. 
There were 99 pigs with zero avoidances on the third day, but $0 
of these animals had avoided at least once on day one or two. VfiJJLham 
et al. (1964) found that more days of testing resulted in more learning. 
The average number of avoidances on the ninth set of ten trials was 9.7. 
The results indicated that practically all healthy pigs can learn to 
make avoidance responses. However, the number of correct responses made 
was highly variable between pigs. 
Avoidance latency was the time required to make an avoidance re­
sponse. The range for this variable was from 0.0 to 6.0 seconds. The 
average latenpy for avoidance responses was confuted for each day for 
every individual. The means of these variables for all pigs are shown 
in Table 1. 
The increase in number of avoidances from day one to day three was 
acccmpanied by increased latency of avoidance response. An explanation 
for this phenomenon was provided by a look at the processes of avoidance 
learning. The reward in avoidance learning is probably anxiety reduc­
tion, The anxiety produced by the CS is caused by the association of 
the CS with the effects of the UCS, This part of avoidance learning is 
classical conditioning. Anxiety may be caused in the early trials ly 
the association of the onset of the CS with the effects of the UCS. 
But in succeeding trials the subjects may differentiate the two stimuli 
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and respond to the duration of the CS. Hence, the latency of avoidance 
responses increases. In the terms of this experiment, the pigs in the 
early trials responded to the buzzer hy associating its onset with the 
effects of shock but in later trials the animals mad,e more relaxed 
avoidances vdien they realized the buzzer was only a warning. 
The number of shocks an animal received before its first avoidance 
indicated the effectiveness of electidc shock as a stimulus to evoke 
learning. In caaçarison to the average of 8,8 shocks required by pigs. 
Solemn and %nne (1953) found only 4.5 shocks were required to elicit 
an avoidance response in dogs. In both studies sub-tetanizing levels 
of electric shock were used. 
The distribution of first avoidances over trials showed a larger 
frequency during the first three or four trials of a day. Obviously, 
more pigs were available to make first avoidances in the first trials 
because a pig could be counted only once. The percentage of the total 
number of pigs not having made a first avoidance was plotted against 
the number of trials, A log scale was used for the percentages. The 
plot should have yielded a descending straight line if a constant per­
centage of the pigs were making fir^t avoidances on each succeeding 
trial. The actual curve is shown in Figure 4 and was definitely not a 
straight line. The three portions of the curve for trials within each 
day showed a decreasing rate of first avoidances as the daily trials 
progressed. This phenomenon would be explained by fatigue caused by 
rqpeat'^d shocking. In agreement with this explanation, definite in-
Figure 4. Percent of the pigs with no avoidance response yet after each of 
30 successive learning trials 
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flections occurred in the curve between days of testing. The intertriai 
interval was 20 seconds within a day but there were 24 hours between the 
last and first trials of consecutive days. One could assume récupéra^ 
tion occurred during the 24 hours between days and this helped those 
pigs who had been hindered by fatigue to make avoidances. In addition, 
the steepness of the curve increased after each 24 hour lapse thus in­
dicating an increased percentage of first avoidances. McGaugh and Mads on 
(1964) have shown that the induction of amnesia-producing electrocon­
vulsive shock after a learning trial reduces an animal's ability to 
learn. He suggests seme sort of mental rehearsal occurs between trials; 
thereby» the memory trace is strengthened. If this were true, inter-
trial intervals longer than 20 seconds would iuçrove learning. 
The first trials of every day of testing yielded more "first time" 
avoidances but fewer total avoidances. The curves in Figure 5 show the 
percent of all trials ^ Aich were avoidances. For a given day, avoid­
ance responses were fewer in trials one and two than the average number 
for that day. The frequency of avoidances had a nearly uniform distri­
bution over trials three through ten. These two facts indicate the 
shocks received in the early trials (one and two) of a day increased 
the frequency of avoidance responses idiile the same frequency of shocks 
in the later trials had little effect. 
Karas ^  (1962) reported an experiment concerned with the 
grouping of avoidance learning trials in swine. Their shortest group-
Figure J, Percent of all responses which were avoidances for three days of 
10 consecutive trials 
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ing of consecutive trials was ten per day for four days. They found 
that thirty trials, ten per day, gave a convenient measure of learning 
•with sufficient sensitivity to detect individual differences. Figures 
4 and 5 presented here seem to indicate that 10 trials per day were too 
many if only a 20 second intertriai interval is used. For efficiency 
in learning, future avoidance learning trials with pigs should be de­
signed with no more than four consecutive trials between recuperation 
periods. Also, the twenty-four hour period used in this study may be 
longer than is required. 
Escape trial was the term used for trials which had latencies with­
in the range of 6.1 to 120.0 seconds. That is, the animals received 
and esc£Ç)ed from electric shock on those trials. A constant of 6.0 was 
subtracted from the latencies of escape trials so that the variable 
"latency of escape response" would indicate the seconds of shock re­
quired to evoke the correct response (jumping the barrier). 
Average escape latencies were confuted for each day's escape trials. 
The difference in this measure between day one and day three showed that 
another type of learning was occurring besides that shown by flrequenoy 
of avoidances. The pigs reduced their escape time ftcm 2.9 to 1.7 
seconds ty learning how to escape. This behavior, an attençt to cope 
vri.th environmental change, was termed escape learning. Escape learning 
was not shown by the 49 subjects who had zero avoidances out of the 30 
test trials. These non-avoiding pigs had mean escape times of 3.6 
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seconds, 4.] seconds and 3.2 seconds for days one, two and three, re­
spectively, Therefore, they were both poor avoidance and poor escape 
learners. The change in mean latency of escape from day one to day 
three was caused by those pigs who had avoided at least once. The fast 
escape trials may have been cases where the subjects iriio had learned to 
avoid were "exploring" their environment, i,e,, waiting to see if shock 
still followed the buzzer. Or, after a few avoidances the pigs may have 
just forgotten the shock but remembered how to escs^e, A third expla^ 
nation is that many fast escapes were, in fact, "partial" avoidances. 
That is, the pigs were in the process of avoiding when they were shocked. 
Unfortunately, the validity of these three explanations could not be 
determined from these data. 
The number of alternations and number of consecutive avoidances on 
day three was used to investigate the pattern of response. Alternation 
in this case would be shown by an animal's switching frcm avoidance 
responses to an escape response. This method of measuring alternation 
was different from that used by Vfi.llham et (1964). 
The ten trials of the third day were used to compute number of 
alternations and average number of consecutive avoidances. If the 
animals were attempting to establish some sort of response pattern, it 
should be better established on day three than on previous days. 
Alternation occurred 2.3 times, on the average, on day three. The 
total number of ways a pig could alternate from avoidance to escape 
responses was five. The mean and variance of the alternation measure 
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were those of a binomial distribution with n = 5 and p = .46. 
The mean number of consecutive avoidances for the trials on day 
three were confuted by dividing the number of avoidances made on day 
three by the number of different runs of consecutive avoidances; e.g., 
if on day three a pig avoided three times, was shocked two times, avoid­
ed four more times and was shocked on the final trial it would have had 
seven total avoidances in two different runs. The mean number of con­
secutive avoidances for this pig would have been seven/two or 3*5* 
Ch the average a pig avoided 2,8 times before it alternated re­
sponses. This measure reflects the need for reinforcment or shock 
trials to evoke avoidance learning. The individuals with a larger 
number of consecutive avoidances would be the animals idio needed less 
reinforcement. Also these animals would retain the correct response 
longer during extinction trials (trials in which shock no longer follows 
the buzzer). 
Curves constructed from the mean number of avoidances for each set 
of trials showed the characteristic monotonie shape of learning curves, 
figure 6 shows an accelerating increase for the 2089 pigs over the first 
three days. VfiJLlham et (1964) tested 90 of these 2089 pigs for six 
additional days. Those daily means shown by the dotted curve in Figure 
6 shows the learning curve reached an inflection point at about the 
third set of trials and decelerates toward the upper limit of ten cor­
rect responses. 
Figure 6. Average number of avoidances per set of ten learning trials over 
nine consecutive days of one set per day (values for days 4 
through 9 after Willham et al., 1964) 
AVERAGE NUMBER OF AVOIDANCES 
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Similarly the curve in figure 7 for the reciprocal of mean escape 
latencies accelerates over the first three days of testing. It probably 
would decelerate for additional days of testing since there is an upper 
limit of zero seconds for escape latency. 
Genetic Differences 
Experimentation in behavior genetics is increasing and, much of the 
work is being done with inbred strains of mice and rats. Evidence for 
genetic variation in various traits has been the differences between 
inbred strains which were treated alike. Granted that the differences 
between homozygous strains from identical environments are genetic, such 
differences give little information about the relative importance of 
genes or how a trait will respond to selection. This information is 
obtained only by comparing groups of known genetic relationship. 
Breed differences 
Breeds are far from homozygous at all loci; so, genetic variation 
is expected within breeds. However, if the environments are identical, 
differences between breed means indicate the presence of genetic varia­
tion, Conversely, if no breed differences are found this provides lit­
tle proof for the non-existence of genetic variation. 
The differences between the breed means in this study gave seme 
indication of what behavior traits were affected by genes. Excepting 
for the possibility of some uncancelled random fluctuations, the assunç-
Figure 7. Reciprocal of mean latency of escape responses made on three 
consecutive days of avoidance learning trials 
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tion of equal environments seemed valid for the two breeds. 
The mean differences between the Daroc and Hançshire breeds for 
twelve behaviorisms are shown in Table 2, The variance within breeds 
was used to test whether these differences might be due to chance. The 
suspicion that any mean difference was merely due to sampling can not be 
rejected at the .01 level if the confidence interval includes zero. 
Four of the variables had 99 percent confidence intervals which included 
zero. For three of these four: the differences between breeds, for num­
ber of alternations, for latency of avoidances on day three and for la­
tency of escape on day one, the ,95 confidence interval did net include 
zero. However, the mean differences for these three were so small they 
seem unimportant, even if thqy may be real. 
The Durocs and Hang)shires did not differ at all in their mean la­
tency of escape for the second day's trials. The means for number of 
shocks before the first avoidance indicated the average Duroc pig avoid­
ed first on day one; while, the average Hampshire pig did not avoid un­
til day two. The process(es) involved during the interval between days 
seem more important to the Hampshire pigs than to the Durocs. 
The Durocs and Hampshires alternated from avoidance to escape re­
sponses about the same number of times but the Durocs made one more con­
secutive avoidance before alternating. These results indicate that the 
Hampshire pigs would forget the learned response sooner if the shock no 
longer followed the buzzer. Willham et al. (1964-) did find that Hamp-
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Table 2, Breed means for 12 behaviors and tests of significance of 
their differences 
Variable Duroc Hampshire 
Absolute 
difference 
99^ 
confidence 
interval 
Number of 
avoidances : 
day 1 
day 2 
day 3 
1.6 
3.3 
6.0 
1.0 
2.4 
4.8 
.6 
.9 
1.4 
.42 to .78 
.62 to 1.18 
1.10 to 1.70 
Number of shocks 
before first 
avoidance 7.4 10.0 2.6 1.72 to 3.46 
Number of consecum 
tive avoidances on 
day 3 3.3 2.3 1.0 .73 to 1.27 
Number of alter­
nations to escape 
responses 2.2 2.3 .1 
-.03 to +.23 
Mean latency of 
avoidance response: 
day 1 
day 2 
day 3 
2.1 
2.6 
3.1 
1.6 
2.2 
3.2 
.5 
.4 
.1 
.30 to .70 
.23 to .57 
-.02 to +.22 
Mean latençy of 
escape response: 
day 1 
day 2 
d^' 3 
2.8 
2.5 
1.6 
3.0 
2.5 
1.8 
.2 
0 
.2 
-.05 to +.45 
-.20 to +.20 
.05 to .35 
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shires showed a faster rate of extinction. 
The environmental factors that cause extensive variation in avoid­
ance learning behavior have not yet been isolated. %llham et 
(1963) investigated the following factors as possible causes of varia­
tion in number of avoidances on day three: sex (female versus castrated 
male), number of litter mates, starting age (18-24 days), season of 
testing, body weight and age of dam. Only age of dam accounted for 
more than two percent of the total variation, A later stu^y VfiJLlham 
et al. (1964) with more data and more classes of age of dam showed no 
important differences due to the age of dam. 
The means for the classes of the environmental factors mentioned 
above were computed for all 12 behaviors studied here. As in previous 
research none of these environmental factors appeared to cause enough 
variation to merit their inclusion in further analyses. 
Comparisons among groups of known genetic relationship 
Each of 12 variables which had been constructed was analysed in an 
analysis of variances; whereby, the components of variance were estimated 
for sires within the breeds, for the dams mated to one sire and for lit­
ter mates within dams. 
A complete set of variables was available on every individual. Thus 
the coefficients were the same for the variance components in the expect­
ed mean squares of every variable. These are shown in Table 3» 
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Table 3* Structure of analyses of variance 
Expected composition 
Source Degrees of freedom of the mean squares 
Sires 2^4 E + 1.996 D + 8.148 S 
Dams/sires 793 E + 1.990 D 
Pigs/dams 1040 E 
E = Variance of differences among pigs in the same litter. 
D = Variance of differences among dams within sire mates. 
S = Variance of differences among sires. 
The numbers of offspring per dam were apprcjodmat^y equal because 
two pigs had been selected at random from each litter to be tested. Of 
the 2089 pigs selected, nine individuals were discarded because of death 
or injuries. This caused the slight discrepancy between the coefficient 
for the component of variance for dams in the mean square for sires and 
that in the mean square for dams. Such a minor difference between co­
efficients would scarcely affect the tests of significance. The ratio 
of mean squares was used in F-tests for the statistical significance of 
sire and dam conçonents of variance. 
The variables : latency of avoidance for day two, latency of avoid­
ance for day three and alternation did not have mean squares different 
enough to demonstrate that the sire and dam components were real. Table 
4 shows that the sire component contributed less than 3 percent of the 
Table 4. Magnitude and relative contribution of sires, dams and progeny components of variance 
in 12 learning behaviors^ 
Number of avoidances Latency of avoidance Shocks Latency of escape Consec- Alter-
day 1 day 2 day 3 day 1 day 2 day 3 before day 1 day 2 day 3 utive nation 
first avoids 
avoid 
Percentage of total variance 
within breeds: 
Sires 9.6 7.7 9.6 4.8 1.0 2.5 8.5 7.0 8.2 7.3 6.0 2.8 
Dams 11.7 16.7 15.2 6.5 5.1 6.8 13.3 17.9 13.3 12.3 12.4 5.2 
Pigs 78.7 75.6 75.2 88.7 93.9 90.7 78.2 75.2 78.5 80.4 81.6 92.0 
Absolute size of components ; 
Sires .2** 
.5** .7** .2** .02 .03 5.2** .3** .2** .1** .3** .0 
Dams .3** 1.0** 1.1** .2* .1 .1 8.2** .9** .4** .2** .7** .1 
Figs 2.0 4.7 5.4 2.8 2.2 1.1 47.9 3.7 2.3 1.4 4.6 1.2 
^Significance level is denoted by: **Probability of chance event <.01; *Probability of chance 
event <,05. 
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total variation -within breeds in these three variables and the dam com­
ponents contributed only 5-7 percent. In all three cases the differ­
ences between pigs from the same litter contributed over 90 percent of 
the total variance. The causes of differences among litter mates other 
than sex have not been examined. One possibility would be the effects, 
if any, caused social order. 
Roll-sib correlations, formed from the variance conçonents, were 
doubled to estimate heritability. Half-sib correlations were multiplied 
by four. One-half the genes in full-sibs are expected to be identical 
by descent from their parents and one-quarter of the genes in half-sibs 
are the same. The formula used for full-sib correlation was (S + D)/ 
(S + D + E); the half-sib correlation was s/(S + D + E). See Dickerson 
(1959) for a discussion on the use of these formulas. 
The regression of offspring on dam was conputed -within sires for 
the offspring whose dams had been tested. The dam's record was repeated 
for each offspring. The regression of offspring on dam equals: (co-
variance between offspring and dam)/(variance among dams). The assump­
tion is made that the similarity between parent and offspring was caused 
only by their common genes; that is, by additive genetic effects. The 
regression was multiplied ty two to estimate heritability because parent 
and offspring have one-half of their genes in common. 
Heritability indicates how much change to expect per generation by 
selection (assuming heritability estimates only the variance due to the 
additive effects of genes and that the en-vironmental variances stay the 
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same for all generations). The three different estimates of heritability 
for each of the 12 traits constructed in the avoidance learning test are 
shown in Table 5. 
The heritabilities estimated fron the correlations between full-
sibs were consistently higher than those estimated from correlations 
between half-sibs because the caq)onent of variance due to the dams' 
classification was larger than the component due to the sires' classi­
fication for all 12 variables. This was contrary to results of VfiUham 
et al. (1963). Since both the components contain one-quarter of the 
additive genetic variance the increased magnitude of the dam coDçonent 
should be found in the following causes: variation due to litter mates 
having the same genotypes at some loci, variation caused ly the mother­
ing ability of the dam, or variation due to environmental factors common 
to litter mates (e, g,, location of pen during critical periods). 
More work is needed to determine which of these possibilities caused 
the full-sibs to be more alike in their learning behavior than would be 
predicted by just the additive effects of their common genes. 
The standard errors for the heritabilities estimated from regres­
sions were all near .27. Standard errors for the half-sib and full-sib 
estimates were approximated from the formulas presented fcy Dlckerson 
(1959). Th^r were all between ,06 and .09. The larger standard errors 
on the offspring-parent regressions were due to fewer degrees of freedom. 
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Table 5* Estimates of heritability for 12 behavior traits in pigs 
Variable Heritability estimated from correlation between Average half-sibs full-sibs parent-offspring estimate 
Itonber of 
avoidances : 
day 1 .38 
day 2 .3I 
day 3 .38 
.43 
.50 
.40 
.58 
.26 
.40 
.46 
.38 
Number of 
shocks before 
first avoid­
ance .34 .44 .62 .47 
Average number 
of consecutive 
avoidances .24 37 .14 .25 
Number of 
alternations 
of response .11 16 . 0  .09 
Mean latency 
of avoidance 
responses : 
day 1 
day 2 
day 3 
.19 
.04 
.10 
.22 
.12 
.19 
.40 
.04 
.06 
.27 
.07 
.12 
Mean latency 
of escape 
responses : 
day 1 .28 
day 2 .33 
day 3 .29 
.49 
.43 
.40 
. 0  
.30 
.04 
.26 
.35 
.24 
Average 
standard 
error .07 .08 .26 
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The heritabilities for number of avoidances on day two and for the 
number of shocks before the first avoidance were large enough to be 
judged significantly different from zero for all three estimates. 
The heritability of .35 for latency of escape on day two indicates 
that some genetic variance was present in this trait. The two breeds 
did not differ in this behavior; so, there was an example whereby breed 
difference failed to indicate genetic variation. 
The heritabilities estimated for number of avoidances on days one, 
two and three indicate that genetic inqorovement could be made. The 
heritabilities for the number of avoidances for all three days had 
similar magnitudes. So, the number of avoidances on day three will be 
used here in an example of improving learning ability by selection. For 
exançle, if one assumes normality of distribution, the group of pigs 
with at least 8 avoidances on day three would have an average of 9.4 
avoidances. That is, they have a superiority of 4.0 avoidances above 
their population mean. Offspring from these selected parents would 
receive only the heritable portion of their superiority. The herita­
bility estimate for this trait was .38 (Table 5); therefore, the off­
spring should average 1,52 avoidances (.38 x 4.0) over the average of 
their parents' generation. The offsprings' average should be 6.92 avoid­
ances on day three. 
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Correlations Between Behavior and Production 
Hienotypic and genotypic correlations were computed to investigate 
the existence of any relationship between learning behavior and traits 
of economic importance in these data. Boc^ weight at 21 and 1^4 days 
of age and back-fat thickness were the econcxnic traits used. The cor­
relations are shown in Table 6. The correlations were all near zero. 
No large genotypic or phenotypic correlations were clearly indicated 
between the 12 behaviors studied and traits of economic importance. 
Hence, selection for avoidance learning ability would slow down selec­
tion progress in weight or leanness. 
Effects of Sire Irradiation 
One-half of the sires used in this study had been ezcposed to X-ray 
treatment. The mean differences between the behavior traits of the off­
spring ftcra these two groups of sires are shown in Table 7. Only one 
trait, number of shocks before the first avoidance, shows a difference 
large enough to be significant. Pigs whose sires had been treated with 
X-rays showed their first avoidance response .7 of a trial sooner than 
pigs from untreated sires. No explanation is offered. 
Table 6. Relationships between behavior and traits of economic inçortance 
Phenotypic correlations 
n = 2089 
21 day 154 day Back-fat 
old weight old weight depth^ 
Genotypic correlations 
n = 264 
21 day 
weight 
154 day 
weight 
Back-fat 
depth^ 
Number of 
avoidances on: day 1 
day 2 
day 3 
Number of shocks 
before first avoid 
Mean number of con­
secutive avoidances 
Number of alter­
nations to escape 
.04 
.05 
.01 
.05 
.08 
.03 
0 
.01 
.01 
.01 
.01 
.02 
-.01 
.01 
.01 
.02 
0 
0 
.02 
0 
- .02  
-.03 
.02 
0 
0 
-.05 
- .02 
-.10 
.03 
^ack-fat was adjusted for 15^ day weight. 
Table 6. (Continued) 
Phenotypic correlations 
n = 2089 
21 day 
old weight 
15^ day 
old weight 
Back-fat 
depth& 
Genotypic correlations 
n = 26^ 
21 day 
weight 
15^ day 
weight 
Back-fat 
depth^ 
Latenpy of avoid­
ance on: day 1 
day 2 
day 3 
..02 
..02 
.07 
..01 
..01 
.05 
,01 
0 
.06 
0 
.03 
0 
.01 
. .03 
0 
.01 
. .03 
0 
Latency of 
escape on: day 1 
dsor 2 
day 3 
. .12 
.02 
..01 
..07 
..01 
..02 
.07 
.01 
.02 
.13 
• 07 
0 
0 
0 
.04 
0 
0 
.01 
Table 7. Effects of paternal irradiation upon behavior of offspring^ 
Offspring from Effects of 
Control sires X-ray sires X-ray treatment 
n = (1032) (1057) 
Number of avoidances on: day 1 1.2 1.4 .2 avoidances 
day 2 2.8 2.9 .1 avoidances 
day 3 5.4 5.4 0 avoidances 
number of shocks before fir&t avoidance 9.1 8.4 
-•7 shocks 
Mean number of consecutive avoidances 2.8 2.8 0 avoidances 
Number of alternations to escape 2.3 2.2 -.1 alternations 
Latency of avoidances on: day 1 1.7 1.9 .2 seconds 
day 2 2.4 2.4 0 seconds 
day 3 3.1 3.2 .1 seconds 
Latency of escapes on: day 1 2.9 2.8 -.1 seconds 
day 2 2.6 2.5 -.1 seconds 
day 3 1.7 1.7 0 seconds 
^Standard error was about .1 for all traits. 
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Factor Analyses 
To expedite the measuring of behavior in future experiments infor­
mation on which variables recorded from these data were measuring the 
same behaviors and which variables were measuring independent behaviors 
would be useful. Computing correlations between the phenoiypic expres­
sion of the variables was the first step in examining the variables' 
relationships. The correlations were done within breeds to correct for 
breed differences. This operation was performed using all 2089 pigs 
because every pig displayed values for all 12 variables. Correlations 
were ccmputed between the genetic effects expressed in the variables by 
using the regressions of offspring on dam. These correlations were 
based on fewer degrees of freedom than the phenotypic correlations be­
cause the dams had been measured for only 264 offspring. The phenotypic 
and genotypic correlations are shown in Table 8. 
The three variables measuring the number of avoidances had the 
largest positive intercorrelations. Larger correlations existed be­
tween consecutive days than between non-consecutive days. The average 
correlation between days (or interclass correlation) for number of avoid­
ances was ,38; lAile, the average correlation between consecutive days 
was .47. 
The number of shocks before the first avoidance response was nega­
tively correlated with all other traits except latency of escape. An 
explanation for the positive correlations of about .2 between number of 
Table 8. Correlation structure between phenotype and genotype of 12 behaviors observed in an 
avoidance learning situation^ 
Latency of 
Avoids. Avoids. Avoids. Shocks Consec. Alter- Avoids. Avoids. Avoids. Escapes Escapes Escapes 
day 1 day 2 day 3 avoids nation day 1 dey 2 day 3 day 1 day 2 day 3 
Avoid­
ances 
day 1 .36 .20 -.6? .21 -.0? .60 . 09 -.04 -.25 -.21 -.13 
Yoid-
ances 
day 2 .16 .58 -.40 .52 -.06 .20 .43 -.11 -.12 -.47 -.29 
Avoid­
ances 
day 3 .18 .16 -.29 .77 .12 .13 .28 .01 -.08 -.42 -.44 
No. shocks 
before 
avoid. -.26 -.25 -.20 -.22 -.07 -.74 —35 -.08 .23 .23 .18 
Consec­
utive 
avoid. .13 .12 .08 -.15 -.43 .10 .16 -.08 -.06 -.3I —35 
^Phenotypic correlations to the right of diagonal. Genotypic correlations to the left of the 
diagonal. 
Table 8, (Continued) 
Latency of 
Avoids. Avoids. Avoids. Shocks Consec. Alter- Avoids. Avoids. Avoids. Escapes Escapes Escapes 
day 1 day 2 day 3 avoids nation day 1 day 2 day 3 day 1 day 2 day 3 
Alterna­
tion to 
escape 0 0 0 .05 .04 0 .14 .34 -.02 -.07 -.05 
Latency 
of avoid 
dgy 1 .26 .22 .17 -.24 .15 -.05 .12 .02 -.23 -.12 -.09 
Latency 
of avoid 
day 2 .02 .09 0 -.03 0 .02 .08 .07 -.02 -.26 -.13 
Latenpy 
of avoid 
day 3 0 .04 0 .04 0 0 0 .02 -.02 .03 -.05 
Latency 
of escape 
day 1 -.10 -.15 -.14 .12 -.12 0 -.04 0 0 .32 .22 
Table 8. (Continued) 
Latencar of 
Avoids. Avoids. Avoids. Shocks Consec. Alter- Avoids. Avoids. Avoids. Escapes Escapes Escg^es 
day 1 day 2 day 3 avoids nation day 1 day 2 day 3 day 1 day 2 day 3 
Latenpy 
of escape 
day 2 0 -.17 -.08 0 -.06 0 0 -.04 -.05 0 .48 
Latency 
of escape 
day 3 0 -.11 0 .13 0 0 0 0 0 .0? 0 
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shocks before first avoidance and latencies of escape was that these 
variables have a common element of learning ability in their structure. 
That is, the animals who avoided sooner also escaped faster when shock­
ed. This explanation was supported by the negative correlation between 
number of shocks with number of avoidances and negative correlations of 
escape latencies with number of avoidances. 
A negative correlation between number of avoidances on day one and 
number of shocks before the first avoidance was largely automatic be­
cause large numbers of shocks on day one implied small numbers of avoid» 
ances. However, 60 percent of the first avoidance were made during day 
one and 29 additional percent were made on day two; so, the amount of 
automatic correlation should diminish for the correlations between num<-
ber of shocks and number of avoidances on day two and three. 
The 12 measurements constructed for each of 2089 pigs can be repre­
sented by 2089 points in a 12 dimensional space. Each animal's point is 
located by the co-ordinates designated by the values it had for each of 
the 12 variables. That is, 12 reference axes describe the relative 
positions of the points completely. However, possibly less than 12 
reference axes might be used to describe the same relationship of the 
points, especially if some of the 12 variables were measuring the same 
things but on different scales. 
A mathematical method exists for examining the independent axes in 
a system. This method is called factor analysis. See Harmon (1960) for 
a complete discussion. One type of factor analysis is analysis of prin­
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cipal components. The axes derived fcy this method are chosen in de­
creasing order of their contribution to the total variance and are 
linear functions of the original axes. The correlation matrix of the 
original variables is used to derive the new axes, 
A principal components analysis was performed on the correlations 
between the phenotypic expressions of the variables observed for this 
stud^y» Twelve principal axes were extracted. The amount of variance 
each removed from the total is shown below: 
Portion of the total 
Principal axis variance removed 
I .31 
II .16 
III .13 
IV .10 
V .08 
VI .06 
VII .05 
VIII .04 
IX .03 
X .03 
XI .01 
XII .01 
Each of these axes was a function of the original variables. Figure 
8 shows the geometrical relationship of the 12 original variables to the 
first two axes. The location of a variable's point indicates its cor­
relation with the two axes. From those r^ationships axis I seemed to 
be a scale of avoidance learning ability. The traits on the negative 
end of the scale all concern avoidance response vriaile those on the posi­
tive end refer to escanes. If this scale could be observed directly, 
Figure 8. Geometric relationship between 12 learning behavior measures and 
two principal axes derived from phenotypic interoorrelations. 
The measures were: 
1. Latency of avoidances on day 1 
2. Number of avoidances on day 1 
3. Latency of avoidances on day 2 
4. Number of avoidances on day 2 
5. Number of avoidances on day 3 
6. Number of consecutive avoidances 
7. Number of shocks before the first avoidance 
8. Latency of escapes on day 1 
9. Latency of escapes on day 2 
10. Latency of escapes on day 3 
11. Number of alternations to escape responses 
12. Latency of avoidances on day 3 
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animals with the largest negative scores would be the best learners. 
The meaning of the second axis shown in Figure 8 was not obvious. 
It had fairly large positive correlations with avoidances on day one 
and latency of escape on days two and three. It probably was concerned 
with speed of adaptation to the apparatus. 
Alternation (arrow 11) and latency of avoidance on day three (arrow 
12) had small values on axes I and II. However, th^r both had large 
correlations with axis HI but no biological explanation was apparent. 
Identifying biological or physical meaning of axes from factor 
analyses is an arbitrary procedure. A more complete understanding of 
the original variables may allow more meaningful definitions to be as­
signed. Therefore, the reader may wish to reappraise the geometric 
relationships and might validly assign different meanings to the axes. 
The phenotypic eigression of a trait is the result of the combined 
effects of genes and environment. Table 8 shows that the genetic cor­
relations among the 12 behaviors exhibit a pattern similar to but less 
definite than that of their phenotypic counterparts. 
A principal components analysis was also performed with the genetic 
correlations. The principal components analysis requires values in the 
diagonal cells for solutions to be obtained. The diaigonal cells of the 
genotypic correlation matrix were filled with 1.0's because the cor­
relation of any variable with itself is 1.0. 
The principal axes derived from the genetic correlation matrix need 
not necessarily pertain to the same factors as the axes from the pheno-
typic correlations. That is, phenotypic axis I may not be necessarily 
a function of genotypic axis I. 
The first two principal axes of the genotypic correlation matrix 
and their geometrical relationship to the 12 behaviors are shown in 
Figure 9. The pattern displayed there leads to the conclusion that 
axis I was again a scale of avoidance learning ability. Axis II ftom 
the genotypic relationships seemed not to be the same as phenotypic 
axis II. The axis H from the genetic correlations had a correlation 
of .70 with latency of escape on day two and was negatively correlated 
with latency of avoidsuice on day two and three. Genotypic axis H 
probably was a measure of the effects of genes for response speed on 
later days of testing. 
In summary, the principal coitponents analyses indicated that several 
of the behaviors measured in this stuc^ reflected the same underlying 
factors. That is, th^r measured avoidance learning abilities. The 
number of avoidances on day two, three and one respectively had the 
largest correlations with the avoidance learning scale. The number of 
shocks before the first avoidance was also measuring avoidance learning 
but on a scale opposite in sign to those of number of avoidances. The 
number of shocks before the first avoidance measured learning better 
than number of avoidances on day one but less well than number of avoids 
Figure 9* Geometric relationship between 12 learning behavior measures and 
two principal axes derived from genotypic intercorrelations. 
The measures were: 
1. Latency of avoidances on day i 
2. Number of avoidances on dey 1 
3. Latency of avoidances on day 2 
4. Number of avoidances on day 2 
5. Number of avoidances on day 3 
6. Number of consecutive avoidances 
7. Number of shocks before the first avoidance 
8. Latency of escapes on day 1 
9. Latency of escapes on day 2 
10. Latency of escsqpes on day 3 
11. Number of alternations to esc^e responses 
12. Latency of avoidances on day 3 
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ances on day two and three. Latency of escape on day two and three also 
measured some learning ability. The two traits "alternations on day 
three and latency of avoidance on day three" did not measure avoidance 
learning to any extent. 
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SUMARÏ AND CONCLUSIONS 
The objective of this study was to analyze the behavior of three-
week- old pigs in an avoidance learning experiment. 
The data included 2089 pigs from 1049 different litters îjhich were 
bom during a three-year period. The subjects for testing were selected 
ly randomly choosing two females from the healthy pigs of each litter. 
The test apparatus was a Warner-type shuttle box adapted for pigs. 
The subjects were given 10 learning trials per day for three consecutive 
days, A learning trial consisted of a six second buzzer signal followed 
automatically by electric shock to the feet of the subject, A trial was 
terminated when the subject juBçed the barrier in the shuttle bccc. There 
was a 20 second time l^se between trials. The latency frcsn the onset 
of the buzzer until the pig responded was recorded for each trial. If 
the animal junçed the barrier in response to the buzzer the trial was 
called an avoidance, A response to the electric shock was called an 
escape. 
Twelve different variables were constructed from the latencies of 
the 30 trials of each pig. They were: number of avoidances on days 
one, two and three, latency of avoidance responses on days one, two and 
three, number of shocks before the first avoidance, latency of escape 
responses on days one, two and three, number of consecutive avoidances 
on day three and number of alternations from avoidance to escape response 
on day three. 
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The average number of avoidances was I.3» 2.9 and 5»^ for days one, 
two and three respectively. The correlation between number of avoids 
ances on day two and three was .58. Only 49 of the 2089 pigs failed to 
exhibit an avoidance response out of 30 trials. The results indicated 
that practically all healthy pigs can learn to make avoidance responses. 
An average of 8,8 shocks or escape trials were required to elicit 
the first avoidance response. A larger frequency of "first time" avoid­
ances was observed during the first three or four trials of a day. The 
percentage of pigs not having made an avoidance yet was plotted on a 
log scale against the number of trials. The curve showed a phencmenon 
•vAich was diagnosed as a fatigue effect occurring in the later trials of 
each day. Also, a larger rate of first time avoidances was exhibited by 
the population after each 24 hour rest period between days of testing. 
Fewer than ten consecutive trials of 20 second intertriai interval should 
be used in future eij^jeriments. 
Latencies of escape responses from day one to day three showed the 
pigs had learned to escape faster. The mean escape time decreased fran 
2,9 seconds on day one to 1,7 seconds on day three. This change in mean 
escape latency was exhibited only by the pigs who made at least one 
avoidance. 
The pigs displayed an average of 2,8 consecutive avoidances on day 
three and alternated from avoidance to esc^e responses 2,3 times. 
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Breed differences indicated genetic variance was present in the 
traits; number of avoidances, number of shocks before the first avoid­
ance, r- onber of consecutive avoidances on day three and latency of 
avoidat.ces on days one and two. Also the breed means indicated the 
averag' Diroc pig avoided first on day one; vdiile the average Hampshire 
pig di(ui't avoid until day two. The interval between days of test seem­
ed more important for the Hampshire pigs. 
Es-vh of the 12 variables was included in analyses of variance to 
estimate eonçonents of variance for sires within breeds, for dams mated 
to one sire and for litter mates within dams. The three variables; 
mean iatency of avoidance on days two and three and alternation did not 
have ai'-^an squares different enough to demonstrate that the sire and dam 
cœiç)on"5its were real. In all three of these variables the differences 
between, litter mates contributed over 90 percent of the total variance. 
For all variables the components of variance due to the dams' classifi­
cation was larger than that due to sires. Thus, the factors common to 
litter mates seem to be important for avoidance learning. 
Heritabilities were estimated for all the variables by the use of 
full-sib, half-sib and offspring-parent correlations. The number of 
avoidances on day two and the number of shocks before the first avoid­
ance had heritabilities large enough to be judged significantly differ­
ent from zero for all three methods of estimation. The estimates of 
heritability were ,46 for number of avoidances and ,4"^ for number of 
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shocks. Genetic improvement of avoidance learning ability could bo made 
through selection. 
No large genotypic or phenotypic correlations were clearly indicated 
between the 12 behaviors observed and body weight at 21 and 15^ days of 
age or with back-fat thickness. Hence, the selection for these three 
economic traits would be reduced if avoidance learning ability were in­
cluded in a selection program. 
One-half the sires of the pigs used in this stu(fy had been exposed 
to gonadal X-rsy treatment. Pigs whose sires had been treated showed 
their first avoidance response .? of a trial sooner than pigs from un­
treated sires. No explanation is offered. No significant treatment 
effects were found for the other 11 variables, 
A factor analysis (principal components) was performed on the 12 
behaviors measured, using both the phenotypic and genotypic intercor-
relation matrixes. Twelve principal axes were derived with each axis 
being a linear function of the 12 original variables. The first axis 
extracted from the phenotypic correlation matrix removed 31 percent of 
the total variance. From the correlations of the twelve original vari­
ables with the new axis it seemed that phenotypic axis I was a scale of 
avoidance learning, Phenotypic axis H probably was concerned with 
speed of adaptation to the apparatus. It removed l6 additional percent 
of variance. The biological meanings were not obvious for the 10 re­
maining axes. 
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The first principal axis derived from the genotypic correlation 
matrix had a pattern of correlations with the 12 original variables 
similar to that of phenotypic axis I. Hence, genotypic axis I seemed 
to be a scale of the genetic effects for avoidance learning ability. 
Genotypic axis H had different meaning from that of phenotypic axis 
II. It probably was a measure of the effects of genes for response 
speed on days two and three of testing. 
In general the principal components analyses indicated that all 
variables except alternation and latency of avoidance on day three 
measured common elements of avoidance learning. 
64 
BIBLIOGRAPHY 
Bekhterev, V. M. 1912. Die Anwendong der Methode der motorischen 
Associations reflexe zur Aufdeckung der Simulation. Zeitschrift 
for die gesamte Neurologie und Psychiatrie 13: 183-191. 
Curtiss, Q. F, 1937» Experimental neurosis in the pig. Psychological 
Bulletin 34: 723. 
Dickerson, G. E. 1959. Techniques for research in quantitative animal 
genetics. In Techniques and procedures in animal production re­
search. pp. 56-105. Monograph presented ty American Society of 
Animal Production. 1959. 
Harman, Harry H. I960, Modem factor analysis. Chicago 37, Illinois. 
The l&iiversity of Chicago Press. 
Karas, G. G., R, L. VUllham and D. F. Cox. 1962. Avoidance learning 
in swine. Psychological Reports 11: 51-54. 
Kimble, George A, I96I. Hilgard and Marquis, conditioning and learning. 
Second edition. New York, New York. Appleton Century Crafts, 
Incorporated. 
Klqpfer, F. D. 1961. Early experience and discrimination learning in 
swine. (Abstract) American Zoologist 1: 366. 
KLopfer, F. D. and F. I'Jesley, 1954. Observations of discriminative 
learning in swine. Unpublished paper read at Oregon and Washington 
P^choLogical Association meeting, Pullman, Washington. May 1954. 
Original not available; cited in Hafez, E, S. E., L, J. Sumption 
and J, S. Jakway. The behavior of swine. In Hafez, E. S, E., 
editor. 196I, The behavior of donestic animals, p. 338. Balti­
more, I^îaryland. The VBLUiams and liBJLkins Company. 
Koniukhova, V. A, 1957. Conditioned reflexes in pigs. Biological 
Abstracts 31: 2482. 
I-îarcuse, F. L. and A. U, Moore. 1944. Tantrum behavior in the pig. 
Journal of Ccmparative and Physiological Psychology 37 : 235-241. 
McGaugh, J, L. and M. C. Mads on. 1964. Amnesic and punishing effects 
of electroconvulsive shock. Science 144; 182-183. 
65 
Moore, A. U. and F, L. Marcuse. 1945. Salivary, cardiac and motor 
indices of conditioning in two sows. Journal of Comparative 
Psychology 38; I-I5. 
Pavlov, I. P. 1955. Selected works. Moscow, Russia. Foreign Languages 
Publishing House. 
Scinner, B. F. 1938. The behavior of organisms; an experimental analy­
sis, New York, New York, Appleton Century. 
Sdooin, R. L. and L. G. Vfimne, 1953. Traumatic avoidance learning; 
Acquisition in normal dogs. P^chological Monograms 6?; 1-19. 
Ifiillham, R. L., D. F. Cox and G. G. Karas. I963. Genetic variation in 
a measure of avoidance learning in swine. Journal of Comparative 
and Physiological Psychology 56: 294-297» 
VfiJLlham, R. L., G. G. Karas and H C. Henderson, 1964. Partial acqui­
sition and extinction of an avoidance response in two breeds of 
swine. Journal of Congjarative and Physiological Psychology 57: 
117-122. 
Yerkes, R. I-L and C. A. Coburn. 1915» A study of the behavior of the 
pig by the multiple choice method. Journal of Animal Behavior 5: 
185-225. 
66 
ACKNOHLEOŒHENTS 
Ht,  J.  L, Lush and Dr. D. F, Ccjx are gratefully acknowledged for 
their suggestions, guidance and scrutiny of my thesis. 
Credit for the design and initiation of this avoidance learning 
experiment -with swine goes to Dr. R. L. WiUham, Ik. D. F. Cox and Dr. 
G. G. Karas. Financial support for the collection and analysis of data 
was provided by the U. S. Atomic Energy Commission through a contract 
with Iowa State University. 
I thank Mr. Ron Grabau, Mr. Dean Loomis and others who helped 
collect the data. Special thanks go to nçr wife and parents for their 
financial and moral support to my studies. 
